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Abstract 
When the space robot captures a floating target, contact impact occurs inevitably and frequently between the manipulator hand 
and the target, which seriously impacts the position and attitude of the robot and grasping security. “Dynamic grasping area” is
introduced to describe the collision process of manipulator grasping target, and grasping area control equation is established. By 
analyzing the impact of grasping control parameters, base and target mass on the grasping process and combining the life experi-
ence, it is found that if the product of speed control parameter and dB adjustment parameter is close to but smaller than the 
minimum grasping speed, collision impact in the grasping process could be reduced greatly, and then an ideal grasping strategy is
proposed. Simulation results indicate that during the same period, the strategy grasping is superior to the accelerating grasping, in 
that the amplitude of impact force is reduced to 20%, and the attitude control torque is reduced to 15%, and the impact on the 
robot is eliminated significantly. The results would have important academic value and engineering significance.  
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1. Introduction1
With the development of space project, space on- 
orbit service has gradually become a research focus in 
the aeronautical field, and space robots are expected to 
perform more and more important tasks in future space 
services. When the spacecraft is in orbit, the space ro-
bot needs to complete various operations such as as-
sembly, replacement, repair, recovery, release of the 
modules, etc. And the primary operation of on-orbit 
tasks is to capture the floating target. 
 When space robots capture a floating target, colli-
sion between the manipulator end and the target grip 
occurs inevitably and frequently. For the dynamic cou-
pling between manipulator and space base, the colli-
sion impact during grasping has a deep influence on 
the attitude and position of the space robot, and then 
affects the satellite control precision and grasping se-
curity. Therefore, it becomes an important task to take 
control of the grasping process and suppress collision 
excitation effectively during capturing the object. 
National Space Development Agency (NASDA) of 
Japan’s ETS-VII achieved space manipulator autono-
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mous capture in 1997[1], and thus became a successful 
example in space manipulator operation. Japanese 
scholars developed in-depth and extensive researches 
theoretically later. They analyzed impact dynamics and 
dynamic model in space robot capturing a floating ob-
ject[2-3], discussed exchange and transfer of momentum 
between space robot and space object in grasping 
process[4-5], applied damping control to investigate 
accurate grasping and docking by fumaroles of ob-
ject[6], discussed the relationships between the initial 
relative velocities of the hand to the target and the re-
sulting contact impulse with the joint stiffness[7], and 
discussed the stable control after collision[8-9]. M. 
Oda[10] introduced the on-orbit operation equipment 
and strategy for ETS-VII space robot during on-orbit 
docking and grasping different targets. H. Nakanishi, et 
al.[11] proposed impedance control to guarantee that the 
manipulator end operating device contacts the target 
continuously in the capture process. 
Canadian Space Agency also did a lot of study on 
space robot on-orbit service dynamics and control. F. 
Aghili[12] used Kalman filtering to estimate target 
states of uncertain dynamic parameters, investigated 
optimal contact point and raceme control in capturing 
instability target, and proved the method’s validity via 
experiment. Ref.[13] investigated the collision process 
between the capture device and the target via experi-
ment, but lack theoretical research. 
There are few domestic studies on space robots 
grasping control. P. C. Cong, et al.[14] proposed straig- Open access under CC BY-NC-ND license.
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ht-arm grasping program, and discussed the influence 
to the system coupling angular momentum and system 
angles with different impact force directions. X. Q. Gu, 
et al.[15] studied the relationships between target mass, 
arm relativistic rotation angle and impact collision, and 
obtained the system joints space configuration with 
minimum impact.  
The above-mentioned scholars all assumed the im-
pact force as constant and only studied the moment 
impact in space robot capturing a floating object. But 
in the true grasping process, collisions between the 
hand of manipulator and the target would frequently 
occur till grasping process is over, and the constricting 
speed of grasping area could be controlled to reduce 
the impact of collision[16].
In this article, Hertz model is applied as the impact 
model in manipulator grasping target. Collision vibra-
tion in the grasping process is diminished by introduc-
ing “dynamic grasping area”[16] and application of joint 
active damping. Later, according to the experience of 
life, a better grasping strategy is put forward and dif-
ferent grasping properties could be obtained through 
adjusting the parameters. Simulation results indicate 
that it could greatly reduce the impact influence and 
improve grasping security as well as applicability. 
2. Dynamic and Kinematic Modeling 
2.1. Modeling assumption 
Fig.1 shows the process of space robot grasping 
floating target. 
Fig.1  Space robot grasping a target. 
Assumptions in the manipulator capture and control 
model are as follows: 
1) The following multi-body system is comprised of 
rigid bodies. 
2) Orbit control of space robot is not applied. 
3) Only single point of collision exists between 
grasping device and target and the friction influence is 
neglected in collision. 
4) Neglect the nonlinear characteristics in joint mo-
tors such as clearance, flexibility and so on.  
5) The attitude of target is controlled and the posi-
tion is free.  
6) The capturing operation is completed in plane.  
Then the dynamic systems and coordinate systems 
can be defined as follows: inertial coordinate system 
6I, the base coordinate system 6B with its origin at the 
centroid of the base, the end coordinate system 6E, the 
target coordinate system 6T, rotation angle T1, T2.
Joints are hinged around the x-axis rotation (see 
Fig.2). 
Fig.2  Dynamic model of space robot and target. 
2.2. Dynamic modeling of space robot and floating 
object 
Dynamic model of space robot is established by La-
grange equations[16]:
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where Hb is inertia matrix of the space base, Hc cou-
pling inertial matrix between the space base and the 
manipulator, Hm inertial matrix of manipulator arm, xb
position and attitude of the base, cb velocity dependent 
nonlinear term for the space base, cm velocity depend-
ent nonlinear term for the manipulator arm, Fb external 
force and torque on the space base, W m joint torque of 
the manipulator arm, Jb Jacobi matrix for the space 
base variables, Jm Jacobi matrix for the manipulator 
joint variables, Fex external force on the end effecter, 
Wex external torque on the end effecter. 
Dynamic model of space free-floating target is es-
tablished using Newton-Euler equation as follows:  
    t t tm  p F                (2) 
 t t t t t t tc u  I Ȧ Ȧ I Ȧ Ĳ Ĳ        (3) 
where mt is mass of floating object, pt position vector 
of target, Ft external force on floating object, It inertia 
matrix of target, Z t angular velocity of floating target, 
Wt external torque on floating target, Wtc control torque 
on floating target. 
3. Dynamic Grasping Model 
3.1. Grasping impact model 
In the grasping process, the robot hand constricts 
and collides with the target handle when they contact, 
and impact force occurs along the direction of common 
normal line at the contact point, where happens local 
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deformation G, the intrusion value inside of both the 
robot end and the target. When 0G  , collision occurs, 
and meanwhile Hertz model is introduced to compute 
the impact force (see Fig.3). Energy consumption 
which exists in the contact process is regarded as the 
dissipation by damping materials. The Impact force is 
as follows: 
c c cK CG G  F n n            (4) 
where Kc is stiffness coefficient of contact impact, and 
Cc damping coefficient of contact impact. 
Fig.3  Dynamic model of impact when capturing a target.
According to the impact model in grasping opera-
tion, the relationship between the external forces on 
space robot and the impact forces on floating target is 
as follows:  
t ex c   F F F              (5) 
The relationship between the robot impulse Pg and 
the target impulse Pt caused by the impact force is ex-
pressed as 
0
0
į
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P P
   ³ F Ĳ            (6) 
3.2. Dynamic grasping area 
Taken account of different configurations of various 
manipulator capturing devices and inevitable grasping 
measurement error, capturing devices can be abstracted 
into dynamic grasping area. The grasping impact force 
properties will be investigated through the control of 
grasping area[16].
In the grasping process, the constricting speed of the 
grasping area can be controlled, different grasping 
methods can be obtained to achieve grasping target 
optimally and reduce collision impact. Equation to 
control grasping area is 
dga 0 dga dga( , , , , , , )i i tR f m m m R R t  ș        (7) 
where m0 is base mass, mi mass of robot each link, 
and iș  angular velocity of joint gathered from coder. 
4. Grasping Strategy Analysis 
Through the analysis of uniform grasp and acceler-
ating grasp and based on life experience, it is known 
that the ideal grasping method is that the grasping area 
constricts acceleratedly first, then approaches deceler-
atedly when it is close to the target. After collision, it 
chases up acceleratedly then. After a few times like 
this, the grasping area reduces to zero, and the grasp 
process finishes successfully. The relative speed in 
collision moment is small and the grasping time is less. 
The grasping area control equation is defined as fol-
lows:
dga 0 ( )R v k r a             (8) 
where v0 is the minimum grasping speed, negative, to 
avoid losing grasping caused by infinitely small speed 
when the grasping area slowly approaches; r distance 
between grasp domain edge and the target r = 
dga et| | ;R p a speed control parameter, demarcation 
between accelerated pursue and decelerated approach; 
k dB adjustment parameter. 
If r > a, the distance between grasp area edge and 
the target is beyond the setting value, and the grasp 
area constricts acceleratedly. 
If r < a, the distance between grasp area edge and 
the target is less than the setting value, and grasp do-
main constricts deceleratedly.  
Therefore, controlling the grasping process by 
choosing appropriate speed control parameters is 
achieved.
4.1. Analysis of grasping property parameters 
Considering space robot as double-link manipulator, 
primary physical parameters are shown in Table 1. 
Table 1  Parameters of target and space robot 
Parameter Target Base Link1 Link2 
Mass/kg   10 10 
Length/m 1 2 1 1 
Ixx/(kg·m2) 10 10 1 1 
Iyy/(kg·m2) 10 10 0.1 0.1 
Izz/(kg·m2) 10 10 1 1 
Notes: Ixx, Iyy, Izz are principal moments of inertia of each body.
Simulation conditions: the attitude of space robot 
base using PID control. 
Control parameters: Kp = 80, Kd = 400; dynamic 
characteristic parameters: Kc = 104 N/m, Cc = 30 N·s/m, 
joint active damping coefficient Kmd = 0.1.  
Initial conditions: both the base position and veloc-
ity are 0, and angles of the joints are 0; velocity of 
each joint is 0, position of target is [0.29  3.0  0] m, 
and initial velocity is 0.  
Dynamic grasping area parameters: Rdga = 0.3 m. 
Let target mass mt=50 kg, v0 =  0.03 m/s, base mass 
M = 1 000 kg, and analyze the impact of different val-
ues of k and a on the grasping process. The results are 
shown in Figs.4-5: 
(1) When k or a increases, impact force decreases 
rapidly. Especially when ka t |v0|, the peak impact 
force is close to zero. 
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(2) When k or a decreases, especially when 
ka d | v0 |, grasp speed can be raised and grasping time 
is down. 
(3) Selection of k and a is restricted by v0. If 
ka = | v0 | and when grasp domain is close to the target, 
the grasp speed approaches to zero, and the first colli-
sion point cannot be obtained. If ka > | v0 |, grasp do-
main expands but not shrinks, and grasping time is 
divergent, thus grasping fails. Thus, it must be
ka/ | v0 | < 1 and ka/ | v0 | | 1 that the impact force is 
relatively small and the grasping time is proper. 
Fig.4  Impact force varying with k and a.
Fig.5  Grasping time varying with k and a.
Then analyze the impact of target and base mass on 
the grasping process. 
Simulation is conducted under the following condi-
tions: target mass mt = 10-1 000 kg, base mass 
M = 10-1 000 kg, adjustment parameter k = 1.8 s1, and 
a is adjusted to keep ka/|v0| = 0.9. Analyze the grasping 
process with v0 =  0.12-  0.01 m/s and different mass 
ratios.
Figs.6-9 indicate that 
(1) When lg (mt/M) > 0, base mass is less than target 
mass. Since impact force has very small impact on 
target motion state, impact force peak, total momentum 
and energy are relatively small, but grasping time is 
long.
(2) When lg (mt/M) d 0, base mass is larger than tar-
target mass (it is common), since impact force has a 
very huge impact on target motion state, impact force 
peak, total momentum and energy are relatively large, 
and grasping fast, with less time. 
(3) Varying with |v0|, the impact force, impulse and 
energy increase firstly, then decrease. Because a large 
relative speed can cause a severe collision, but mean-
while, a larger |v0| can make a bigger, resulting that the 
relative speed can be reduced sufficiently before fin-
ishing grasping.  
Fig.6  Impact force varying with mass ratio and v0.
Fig.7  Grasping time varying with mass ratio and v0.
Fig.8  Total impulse varying with mass ratio and v0.
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Fig.9  Energy varying with mass ratio and v0.
As the mass ratio can only reflect the situation that 
the mass of target and base are relatively different, but 
not the specific situation, simulation for specific mass 
value is necessary. Thus, simulation with v0 = 
0.06 m/s is conducted in view of the above-men-
tioned base and target.
Figs.10-13 indicate that if base mass or target mass  
Fig.10  Impact force varying with mt and M.
Fig.11  Grasping time varying with mt and M.
Fig.12  Total impulse varying with mt and M.
Fig.13  Energy varying with mt and M.
is very small, mass of manipulator link, which impacts 
the grasping process additionally, is no longer ignored. 
And collision impact on either the target or the base 
becomes serious so that the collision force, momen-
tum, energy all increase obviously; while grasping 
time reduces with the decreasing target mass. 
4.2. Grasping strategy control 
For the same space robot capturing floating target 
system, primary physical parameters are shown in Ta-
ble 1 under the same simulation conditions. 
Figs.14-16 indicate that under accelerating grasp 
(AG) with dga 0.006R   m/s2, base position, attitude 
and target position vary gently with the collision im-
pact in 1-9 s, with a little vibration at 1s before finish-
ing grasping. Fig.17 shows that the first collision takes 
place at 2 s. Due to the low speed, impact force is 
small; 9 s later, due to the excitation, impact force vi-
brates slightly, with amplitude being about 20 N. 
Fig.18 indicates that attitude control torque at 1 s 
before finishing grasping is as large as about 1.4  Nm. 
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Fig.14  Position of base with AG.
Fig.15  Angles of base and of joints with AG.
Fig.16  Position of target with AG.
When grasping is based on the grasping strategy 
(SG) v0 = 0.03 m/s, k = 1.5 s1, a = 0.009 m, it can be 
seen from Figs.19-21 that base position and attitude 
vary little, and target position varies more gently com-
pared with AG. Fig.22 shows that the first collision 
takes place at 0.4 s, and a few collisions occur then. 
The impact force in the last collision is the largest, 
with amplitude about only 4 N. Fig.23 indicates that 
attitude control torque is only 0.2 Nm and is uniformly 
distributed without excessive vibration and jumping. 
Simulation indicates that 
(1) Applying grasping strategy has greater advantage 
over the accelerating grasp. In the grasping process, 
impact on base position, attitude and target position 
due to collision excitation is much smaller than accel-
erating grasp. Base position is reduced to 80%, and the 
amplitude of impact force is reduced to 20%. The atti-
tude control torque is reduced to the greatest extent 
before finishing grasping, to 15% of AG only. 
Fig.17  Impact force with AG.
Fig.18  Attitude and joints control torque with AG.
Fig.19  Position of base with SG.
Fig.20  Angles of base and joints with SG. 
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Fig.21  Position of target with SG.
Fig.22  Impact force with SG.
Fig.23  Attitude and joints control torque with SG.
Fig.24  Impact force with adjustment. 
(2) The optimal grasping strategy is adjustable, and 
the impact force, grasping time and other indicators 
can be adjusted by changing parameters properly. 
From Figs.24-25, it can be seen that when 
0.012a   m, if grasping time is extended slightly, 
impact force, total impulse and energy can be reduced 
significantly. 
(3) By using grasping strategy, collision impact is 
reduced significantly, and the grasping process is ad-
justable, seeking balance between grasping time and 
collision process, which is of great value in engineer-
ing application. 
Fig.25  Control torque with adjustment.
5. Conclusions 
In this article, an ideal grasping control strategy is 
applied according to life experience. 
(1) Grasping area control equation is established, 
and the impact of the minimum grasping speed, speed 
control parameters and dB adjustment parameter on 
the grasping process is analyzed.  
(2) It is discovered that if the product of speed con-
trol parameter and dB adjustment parameter is close 
but less than the minimum grasping speed, collision 
impact in the grasping process could be reduced 
greatly. 
(3) Further study of dynamic grasp domain, such as 
grasp domain configuration design, grasp domain op-
timal control, etc. is needed to further enhance the 
properties of space robots grasping floating target. 
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